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Abstract
With the advent of the discovery of the double helix structure of DNA, there has been no looking back in the progress of biomedical research and particularly, in the field of gene therapy. Success of gene therapy is largely dependent on the development of carrier system(s) capable of delivering genes into the target cells. Entrapment of DNA in cationic liposomes has important application in the development of non-viral DNA vectors in gene therapy. The immobilization of DNA in different matrixes and on planar supports is an exciting area of current research. The objective of this thesis is to immobilize DNA (both single stranded and double stranded) and analogue of DNA (PNA) and look at the hybridization of single stranded DNA within thermally evaporated cationic lipid films and at the air-water interface with Langmuir monolayers. Hybridization and phase transfer of DNA molecules with cationic surfactant at liquid-liquid interface is also discussed in this thesis. The immobilization of DNA is accomplished by simple immersion of a thermally evaporated octadecylamine film (ODA) in the DNA solution at close to physiological pH. The diffusion of the DNA molecules into the cationic lipid film is dominated by attractive electrostatic interaction between the negatively charged phosphate backbone of the DNA molecules and in-situ hybridization of the sequentially immobilized oligonucleotides is characterized by a host of techniques. In the case of double helical DNA structures, the extraction from solution and subsequent entrapment within the lipid matrix occurs without distortion to their double helical structure. The immobilization analogues of DNA (namely PNA) in different matrixes has attracted wide attraction of researchers around the globe. Our work is based on the use of lipid monolayers and thermally evaporated lipid bilayers. We have demonstrated the sequential entrapment of single stranded DNA and complementary PNA molecules in thermally evaporated fatty amine films and shown evidence for their in-situ hybridisation. We also looked at the specificity of base pairing in the DNA-PNA complexes within the ODA matrix. Introduction of a single base pair mismatch in the DNA sequence leads to destabilization of DNA-PNA complex and a measurable lowering of the melting transition temperature. The sequential immobilization and hybridization of DNA-PNA molecules at the air-water interface with Langmuir monlolayers is also accomplished Complementary DNA and PNA sequences may be immobilized at the air-water interface with ODA Langmuir monolayers and furthermore, that facile hybridization of PNA and DNA single strands to yield PNA-DNA hybrids occurs at the interface was demonstrated. We have also shown the hybridization of the complementary single-stranded DNA molecules at the air-water interface leading to the characteristic double-helical structure. We have also looked at the effect of salt on the hybridization of single stranded oligonucleotides and pre-formed DNA duplexes at the air-water interface with cationic Langmuir monolayers. The hydrophobization of the DNA molecules is accomplished during vigorous shaking of a biphasic mixture of an aqueous solution of DNA and a hexane solution of the cationic lipid, octadecylamine (ODA). Electrostatic complexation of the DNA molecules with ODA at the liquid-liquid interface renders the DNA hydrophobic and results in their phase transfer into the organic phase. We have also shown that complementary single-stranded DNA molecules in the bulk aqueous phase hybridize to form double helical structures during electrostatic complexation with ODA at the liquid-liquid interface (and are thereafter transferred to the organic phase) under conditions where hybridization does not occur spontaneously in the bulk solution. 7.2. future prospects The interesting aspect of our work is the ease of formation of DNA-LIPID composites and the retention of the double helical structure in the lipid films. The protocol is general and can be extended towards the immobilzation of RNA, DNA-triplexes hormones and biological cells. This approach is expected to lead to a better understanding of DNA-lipid and DNA-drug interactions, especially in confined spaces. Application in gene-sequencing protocols may also be envisaged. This approach of complexing DNA molecules with the lipid monolayer in presence of salt is expected to lead to a better understanding of DNA-lipid and DNA-drug interactions, thereby finding applications as antisense/antigene therapeutic agents.The DNA-fatty lipid composite films would serve as model systems for understanding DNA-membrane interactions as well as in the study of DNA-drug/protein interactions. This approach also shows promise for the synthesis of patterned DNA films and consequent application in disease detection and genome sequencing. Both the methodologies described in the thesis, for the formation of DNA-PNA-lipid films pave the way for use of PNA-DNA conjugates in various diagnostic and therapeutic applications. Furthermore, this approach is expected to lead to a better understanding of PNA--lipid and PNA-drug interactions. The possibility of depositing patterned lipid films and entrapping different PNA sequences in the different elements makes this approach promising for gene sequencing applications. 
  	 


